INTRODUCTION
Vestibular and body proprioceptive signals converge at various areas of the CNS. Individual cells of the vestibular nucleus (Rubin et al. 1975) , thalamus (Deecke et al. 1977) , and parietal cortex (Grüsser et al. 1990 ) have been found to respond to both proprioceptive and vestibular inputs. In these regions, most of the proprioceptive signals originate from neck muscles (Deecke et al. 1977; Grüsser et al. 1990 ). The function of the massive convergence of vestibular and proprioception inputs was summarized by Deecke and colleagues (1977) : "exclusive vestibular information would be of no use for the purpose of body orientation" (p. 229). On the basis of this viewpoint, intact proprioceptive signals of neck and body muscles are required to compute accurately the magnitude of passive body rotations in darkness.
This prediction was tested by having a patient without proprioception of neck and body muscles estimate the magnitude of passive whole-body rotations. The patient and controls were asked to report verbally their perceived passive body rotations. In addition, we tested the subjects' capacity to integrate vestibular signals during the rotation to shift gaze toward the position fixated before the rotation.
METHODS
The subjects sat in complete darkness on a chair positioned at the center of a cylinder. A bite-bar was used to immobilize the head. The chair was rotated manually by the use of a handle attached at the rear of the chair (see Fig. 1 for rotation velocityprofiles). Chair rotations were measured with the use of a potentiometer. An infrared corneal reflection device (IRIS, Skalar) was used when measuring the vestibuloocular reflex (VOR; here all signals were digitized at 400 Hz), and electrooculography (EOG) was used when measuring saccade amplitudes (here all signals were digitized at 100 Hz).
In the first experiment, The VOR was measured by rotating the subjects while they were 1) in total darkness (Dark). 2) fixating a chair-fixed target (CFT), or 3) fixating an earth-fixed target (EFT). The rotations were either sinusoidal (SIN) at a frequency of 0.3-0.4 Hz over a total amplitude of 30° or pseudo-pulse made of a single cosine cycle (Pulse, 15°, 1 s of total duration). For a detailed description, refer to Gauthier and Vercher (1990) .
In the second experiment the subjects were submitted to different magnitudes of whole-body rotations while looking at a CFT. After the rotations, the subjects gave their perceived orientation in "minutes" as if they sat at the center of a watch with the starting orientation corresponding to zero minute. For instance, 5 and 10 min corresponded to 30 and 60°, respectively [see Blouin et al. (1995) for a discussion about this technique].
In the third experiment the subjects produced a saccade to shift gaze toward the position of a central visual target that was turned off just before the rotation (mean latency between rotation offset and saccade onset was 1.38 s). During the rotations, the subjects gazed at an imaginary CFT.
One deafferented patient (46-yr-old woman) and three normals participated in this study. Fifteen years ago the patient suffered a sensory neuropathy that was confirmed by a sural nerve biopsy (Forget and Lamarre 1995) . The patient has permanent and selective loss of the large neck and whole-body sensory myelinated fibers. The vestibular nerve and the first branch of the trigeminal nerve of the patient remained intact. Electrophysiological investigations showed no evidence of motor fibers impairment. The patient can reach accurately at targets under visual guidance (Blouin et al. 1993 ) and generate accurate isometric torques without vision . Clinical tests documented the patient's incapacity to both maintain upright posture without loosing balance and perceive passive body rotations with the head stationary. The protocols were accepted by local Ethic Committee, and subjects gave informed consent before the study.
RESULTS
The VOR gain of the patient was very similar to that of normals: Pulse-Dark: 0.82 (patient) versus 0.85 (mean The deafferented patient showed constancy and linearity in evaluation of rotation magnitudes as illustrated by the high R² values of the simple linear regression calculated for the leftward (R² = 0.89) and rightward (R 2 = 0.93) rotations (see Fig. 2 ). For the graphs and analyses, the subjects' responses, given in "minutes," were transformed into "degrees" by multiplying each response by 6. The patient largely overestimated the rotations as evidenced by the high slope values of the regression lines (1.46 and 1.55 for the leftward and rightward rotations, respectively). Controls also showed a good linearity in their evaluation of bodyrotations (R 2 values ranged from 0.87 and 0.94 across subjects). Nevertheless, their perception of the rotation magnitudes was more accurate than that of the patient, only slightly overestimating or underestimating the rotations, depending of the subject. The results obtained from the controls were similar to those reported earlier (Blouin et al. 1995) .
When asked to direct gaze toward the position of the central visual target illuminated before the rotation, the patient constantly overshot the extinguished target position. This overshooting is represented in Fig. 3 by the magnitude of the saccades that is greater than the chair rotations and also by the final gaze direction errors. This latter measure complements the information provided by the saccade amplitude, because if inadequate VOR cancellation occurred during body rotation, the saccade, for instance, could be shorter than the rotation and gaze could still be directed toward the starting position. On average, the patient overshot the starting position by 16.98 ± 7.01° (mean ± SD).
Relative to the body rotation magnitude, the patient overshot, on average, the rotation by 107 ± 51%. Controls showed a good capacity to produce saccades of similar amplitude to the passive body rotations. Only one subject (control 2) showed a slight tendency to overshoot the starting position (mean relative errors, 9.64 ± 39%). Relative to the magnitude of body rotations, the other controls undershot, on average, the rotation by 17 ± 18% and 23 ± 17% for controls 1 and 3, respectively. These means reached relatively high values mainly because of the high relative errors obtained for small body rotations. Indeed, the mean absolute saccade errors were only 3.30 ± 2.79°, 3.29 ± 2.21°, and 6.79 ± 3.55° for controls 1, 2, and 3, respectively. These values are similar to those found in the literature with normal subjects (Bloomberg et al. 1988 ).
DISCUSSION
The results showed that, in the absence of neck and body proprioception, the stabilization of gaze during head rotations is preserved, but the perception of passive body rotation in darkness is largely impaired. These findings are   FIG. 2 . Perception of the body rotation magnitude by the patient and controls. The linear equations found in the top and bottom of each graph were calculated for the leftward and rightward rotations, respectively. Graph scale is shown in the bottom left graph. in agreement with the suggestion that neural integration of vestibular signals and neck-body proprioception is required for accurate perception of body orientation (Deecke et al. 1977; Grüsser et al. 1990 ) and that perception involves multimodal sources of information (Berthoz 1991) . Also, the results suggest that the magnitude of body rotation cannot be computed by processing signals elicited by VOR cancellation during rotations.
The deafferented patient showed constancy and linearity in the perception of vestibular stimulation magnitude. However, the magnitude of the body rotation was constantly overestimated. The absence of neck muscle proprioception may cause an improper calibration at the perceptual level of the vestibular inputs in the patient. Neck proprioception is a good candidate for calibrating vestibular inputs because it is the only signal that constantly provides reliable information about changes in head-to-trunk position (Mergner et al. 1991; Nakamura and Bronstein 1993) . For the patient, this cross-calibration may have faded during 15 yr without proprioception. The overestimation of vestibular inputs in the patient suggests 1) enhanced sensitivity to vestibular input at the perceptual level, in a similar way that bilabyrinthectomized patients show an enhanced sensitivity to neck proprioceptive inputs (Nakamura and Bronstein 1993) and/or 2) that calibration of the vestibular input at the perceptual level is now subserved by shifts of retinal inputs during head movements. The fact that total gaze shift during active head rotations is usually 25% larger than head rotation magnitude (Tomlinson and Bahra 1986 ) is in line with the latter hypothesis.
Miscalibration of the vestibular signal at the perceptual level may cause the loss of balance of the patient during upright posture and walking. Indeed, walking was documented in a deafferented patient with a similar type of neuropathy, except that neck muscle proprioception was preserved (Cole 1991) . Loss of balance is also observed in monkeys with dorsal laminectomies of the first three pairs of dorsal cervical roots (Cohen 1960) .
